The purpose of this study was to investigate the effect of errors in the center of pressure (CoP) locations on three-dimensional (3D) lower limb joint moments during the stance phase of gait. Kinematic and kinetic data were collected from walking trials of one healthy male subject (age: 22yr, height: 181cm, body mass: 80kg). Changes of 3D joint moment were calculated using inverse dynamics with 3D video analysis and ground reaction force (GRF) measurement. Thereafter, the location of the CoP was shifted toward the antero-posterior/ medio-lateral direction by ±10mm, ±20mm and ±30mm, respectively, and 3D joint moments were recalculated with the shifted CoP data. As a result of the simulated shift of the CoP in the antero-posterior direction, changes of magnitude in the ankle (dorsifl exion-plantarfl exion ), knee (fl exion-extension), and hip joint moments (fl exion-extension) were observed, while the moment patterns did not change. Simulated CoP shift in the medio-lateral direction altered the magnitude of the hip joint moment (abduction-adduction, internal-external rotation). Moreover it greatly affected the change of the inversion-eversion ankle joint moment. A shift of ±10mm of CoP in the medio-lateral direction reversed joint moment pattern of ankle joint inversion-eversion. The joint moment magnitudes and patterns were more sensitive to errors in the medio-lateral direction than in the antero-posterior direction, largely due to differences in the moment arm length and the direction of the GRF. This clearly illustrates the need to accurately determine CoP position in the calculation of lower limb joint kinetics.
Introduction
Biomechanics generally applies two approaches to understand mechanisms of muscle contraction during human motion. The fi rst is to directly examine specifi c muscle activity using electromyography (Yoshizawa et al., 1989; Nigg et al., 2006 ) and the second is to indirectly estimate muscle activity from interpretation of joint moments calculated using inverse dynamics. Above all, inverse dynamics analysis using rigid segment models is most commonly used to estimate joint kinetics including muscle force and joint reaction force (Andrews, 1982) .
Data on external force acting on a segment is necessary to compute joint moments in inverse dynamics together with kinematic and anthropometric variables. Among the external forces, the ground reaction force (GRF) acting on the foot segment has the greatest infl uence on many physical movements, including gait. Therefore, the force plate has become a basic measuring system for human movement analysis.
With the mainstream use of the force plate and the continually improving accuracy of analysis using fi lm, video and computer processing, inverse dynamics analysis now underpins many quantitative
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Heung-Youl Kim * , Shinji Sakurai ** and Jae-Han Ahn evaluations of movements in both clinical gait analysis and sport biomechanics (Devita, et al., 1991; Elftman, 1939; Devita and Hortobagyi, 2000; Vaughan, 1996; Cavanagh and Gregor, 1975; Kubo et al., 2004; Iino and Kojima, 2001) . Like other analysis procedures, the computation of joint kinetics through inverse dynamics analysis can be affected by measurement error. The following are principal causes of measurement errors:
1. Inaccurate determination of the joint center by video digitizing (Nagano and Gerritsen, 1999) ; 2. Individual variation in body segment inertia parameters (BSP) (Yokoi, et al., 1995; Yokoi, et al., 2002) ; 3. Discrepancy between global coordinate system (GCS) and plate reference system (PRS) (Robertson, et al., 2004 ; Clinical gait analysis forum of Japan, 1997); 4. Inappropriate data smoothing (Nisan, 1980) ; 5. Errors in data of force magnitude and its center of pressure (CoP) measured using a force plate (Cappozzo et al., 1975; McCaw and Devita, 1995; Takeshita et al., 2000) . A m o n g t h e s e f a c t o r s , t h e e f f e c t o f C o P errors at measurement using the force plate on three-dimensional (3D) kinetics is not well known. CoP is the point of application of the resultant force acting vertically on a force plate (Zatsiorsky, 2002) .
Joint kinetics calculations are greatly affected not only by the magnitude of the GRF but also by the location of the CoP. Cappozzo et al., (1975) reported that the correlation between GRF vector and foot location signifi cantly affected joint moments. However, they did not specifi cally refer to CoP errors. Kubota and Yamazaki (1995) recommended that analysis using force plates should limit CoP measurement errors to less than 3mm on average and no greater than 5mm. Nevertheless, they did not quantify the effects of the error on joint moment computation. Other researchers have reported that measurement using the force plate without adequate awareness of its setting, measurement method, and error characteristics might result in CoP errors of ±20mm to ±30mm (Kistler, 1984; Bobbert and Schamhardt, 1990; Kim et al., 2005) . McCaw and Devita (1995) and Takeshita, et al., (2000) individually examined the effect of CoP measurement errors on GRF in the antero-posterior direction during the stance phase of gait and jump motion on the lower limb joint fl exion-extension moment, and reported that CoP measurement errors in antero-posterior direction substantially affect the magnitude of joint moment.
The following relationship between change of CoP location and joint moment (Figure 1) explains the above results: T h e p r e v i o u s s t u d i e s e x a m i n e d t h e e ff e c t of CoP errors by focusing on lower limb joint fl exion-extension moment using two-dimensional (2D) motion analysis. CoP errors, however, occur in both antero-posterior and medio-lateral directions, so it is that CoP errors greatly affect computation of other joint moments besides that of fl exion-extension. The work of McCaw and Devita (1995) and Takeshita et al., (2000) failed to examine the effect of CoP medio-lateral measurement errors on computation of The purpose of this study was to clarify how CoP measurement errors in both medio-lateral and antero-posterior directions affect 3D joint moment of the lower limb during gait.
Methods

Force Plate Calibration
For the purpose of this study, we fi rstly verifi ed CoP errors by static calibration of the force plate (KISTLER, type 9821B, 600mm×400mm, Switzerland) .
In line with the installation manual, the force plate was correctly placed on a mounting frame buried and fi xed on a concrete board and bolted using an exclusive spanner (KANON Inc , moment wrench, Japan; specifi ed value: 600kgf.cm). Then, a fi rm rectangular aluminum plate 20mm thick and the same length and breadth as the plate (600mm×400mm) was bolted on the plate surface using the other bolts (Figure 2) . The aluminum plate contained a hollow 2mm deep and 2.5mm wide, where a sharply pointed cylindrical stylus could apply external force at only one point on the plate (Figure 3) . CoP was calibrated at 35 points on the surface of the aluminum plate (Figure 2) .
To approximate the GRF generated during gait, the cylindrical stylus applied constant external forces (1000N) in the vertical direction (Z-direction) and in the medio-lateral (100N, ±X-direction) and antero-posterior (100N, ±Y-direction) directions against the plate. At measurement, the cylindrical stylus was 1mm in diameter, and the CoP position where force was applied was accurate to within 1mm. The mean output CoP errors were X = ± 1.2mm and Y = ± 2.8mm in average (maximum errors were X= -2.6mm, Y= 6.3mm). This calibration method was explicated by Kim et al., (2005) in detail.
Subject
The subject was an adult male (Age: 22yrs, Height: 181cm, Weight: 80kg), whose gait kinematics and kinetics were collected for simulation. The subject was healthy, exercised regularly (i.e. more than two hours a day) and did not have any musculoskeletal system injury history. The subject received information about the purpose and protocol of the study, consenting to participate, in accordance with the "Ethics Guideline on Research with Human Subjects" of the Ethics Committee of the Graduate School of the Faculty of Health and Sport Science of Chukyo University.
Gait Data Collection
Before collecting gait data, the aluminum plate used for calibration was removed. The subject was asked to walk from a start point to the force plate approximately 7m away, upon which time he then walked to the beat (100 steps per minute) of a metronome and step onto the center of the plate. When the subject failed to step to the metronomes beat, changed stride, or missed the plate, the trials were disregarded. Five successful trials were analyzed.
Signals sent from the force plate were amplifi ed ( K I S T L E R , t y p e 9 8 6 5 B , S w i t z e r l a n d ) , t h e n 
Figure 2
The aluminum plate with a rectangular grid was bolted on the surface of the force plate in order to apply forces at a known position. Heung-Youl, Kim., Sakurai, S. and Jae-Han, Ahn.
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A/D-converted at a sampling frequency of 500Hz (DKH Inc , Wad Version 2.35, Japan), and recorded into a PC. Concurrently, gait was fi lmed using four video cameras with a sampling frequency of 60Hz (JVC Inc , TK-C1380, Japan). The camera's shutters were synchronized by a frame counter (DKH Inc , PH-1540, Japan), and the output signals from the force plate were synchronized with the video image using an LED luminous body (DKH Inc , PH-105A, Japan). Obtained video images were manually digitized using a motion analysis system (DKH Inc , Frame-Dias II, Japan), and 3D coordinates were computed by the direct linear transformation (DLT) method. Ninety known coordinate points were used as the control points to calculate the 3D coordinates (X: medio-lateral = 113cm, Y: anterior-posterior = 203cm, Z: superior-inferior = 180cm). The mean errors between the actual measurements of the 3D coordinates and the estimated values were 3.2mm in X, 3.4mm in Y, and 4.2mm in Z direction. An optimum cutoff frequency was subsequently determined at the three coordinates of the measuring points by residual analysis, whereupon the 3D coordinate points were smoothed using a fourth Butterworth low-pass digital fi lter (Winter, 1990) . The optimum cutoff frequency had a mean of 3.7Hz (Range: 2.3 -5.1Hz) at the measuring points. To match sampling frequencies between image data and force plate data, a new 60Hz data matrix was created from force plate data using spline function.
Defi nition of anatomical l a n d m a r k e r s a n d L o c a l Coordinate System (LCS)
To obtain the location of joint centers from body surface markers, 3D musculoskeletal simulation software (gsport Inc , ARMO, Japan) and the 3D lower limb model by Delp (2005) was used. Twenty-one semiglobe-shaped refl ective surface markers, 17mm in diameter were applied to the subject's pelvic areas (RASIS, LASIS, SACRUM), both thighs (GT, LFE, MFE), lower legs (LM, MM), feets (H, 1MP, 5MP), and shoulders (S) (Figure 4 ). The pelvic origin was the midpoint of the medio-lateral anterior superior iliac spine (LASIS, RASIS), the thigh origin was the center of the femur head, the origin of the lower leg origin was located at the tibial tuberosity computed from the midpoint of the LFE and MFE, while the ankle origin was defi ned as the center of ankle joint (i.e. the midpoint of LM and MM). Custom made software (Wolfram Research Inc , Mathematica Version4.1, USA) set a local coordinate system (LCS) at the ankle joint center to compute 3D ankle joint moment (inversion-eversion). The vector pointing from the center of ankle joint to the midpoint between the fi rst MP joint and the fi fth MP joint defi ned the Y-axis, with the vector pointing from the center of the ankle joint to the tibial tuberosity set as the temporary Z' -axis. The X-axis was then determined as the cross product of the unit vectors representing the Y-axis and the temporary Z'-axis. Finally, the Z-axis was calculated as the cross product of unit vectors of the X-axis and Y-axis. The LCS of the lower leg and the thigh were established using the 3D musculoskeletal simulation software, with their origins located at knee and hip joint center, respectively.
Lower limb models with six degrees of freedom (DoF) were defi ned: three DoF for h i p j o i n t (fl exion-extension, internal-external rotation, abduction-adduction), one DoF for knee joint (fl exion-extension), and two DoF for ankle joint (dorsifl exion-plantarfl exion, inversion-eversion; Figure 4 Anatomical landmark confi guration and defi nition of reference frames fi xed to the joint center. The hip, knee and ankle joints were assigned three, one and two rotational DoF, respectively.
RS = right shoulder LS = lef t shoulder SACRUM = sacrum RASIS = right anterior superior iliac spine LASIS = lef t anterior superior iliac spine RGT = right greater trochantor LGT = lef t greater trochantor RLFE = right lateral f emoral epicondy les RMFE = right medial f emoral epicondy les LMFE = lef t medial f emoral epicondy les LLFE = lef t lateral f emoral epicondy les RH = right heel LH = lef t heel RLM = right lateral malleolus RMM = right medial malleolus LMM = lef t medial malleolus LLM = lef t lateral malleolus R5MP = right 5th metatarsal joint R1MP = right 1th metatarsal joint L1MP = lef t 1th metatarsal joint L5MP = lef t 5th metatarsal joint 
Joint Moment Computation
Computation of simulated joint moments was gleaned from video images and the force plate data (kinematics, the magnitude and direction of GRF, and BSP). Changes in each joint moment were calculated by shifting only the CoP position to the medio-lateral (X) or antero-posterior (Y) directions by ±10mm, ± 20mm, and ±30mm ( Figure 5) .
Knee joint (fl exion-extension) and hip joint moments (3D: fl exion -extension, abductionadduction, internal -external rotation) were computed using 3D musculoskeletal simulation software. Ankle joint moment were computed through a Customized program using the same methods as 3D musculoskeletal simulation software.
To determine external moments in the GCS, it was assumed that the local coordinate axis set at the segment's center of mass was matched with the principal axis of inertia, so that segmented angular momentum could be computed by the product of angular velocity and inertia tensor, which was obtained by transforming the principal axis to fi t in the GCS. External moment (about the segment's center of mass) was computed using numeric differentiation of these angular momentum (Beer and Johnston, 1977; Miyanishi, 1998) . The components of the angular velocity around each segment's axes were computed using the orthogonal unit vector differentiation method (Wadachi, 1983 ). Ae's (1996) data was used to determine subject's segment inertial parameters.
To provide anatomical meaning to the directions of joint motion obtained in the previous section, joint moments computed in the G C S w e r e t r a n s f o r m e d t o t h e joint coordinate system using a transformation matrix.
In this study, mean joint moments w e r e o b t a i n e d f r o m fi v e s u c c e s s f u l a n d fi v e simulation trials such that mean data is presented and discussed.
Results
Effect of Antero-posterior Shift of CoP
Location on Joint Moment (Δ CoP = ±Ymm) Figure 6 illustrates the changes of the net joint moment during the stance phase of gait when the CoP location was shifted in the antero-posterior direction (Δ CoP = ±Ymm). Table-1(1) shows the peak rate of change (%) between the actual and simulated peaks of each joint moment (±0mm).
Variation in the temporal characteristics and t h e m a g n i t u d e s o f t h e a c t u a l a n d s i m u l a t e d fl exion-extension moment data of each joint was similar to previous studies (McCaw and Devita, 1995; Besior et al., 2003; Winter, 1983) .
Ankle joint dorsifl exion-plantarfl exion and knee and hip joint fl exion-extension moments were characterized by marked changes in their peaks when the CoP location was shifted in the antero-posterior directions (±10mm-±30mm) (Figure 6 Heung-Youl, Kim., Sakurai, S. and Jae-Han, Ahn.
http://www.soc.nii.ac.jp/jspe3/index.htm 76 was observed: (i.e.moment values decreased in the ankle joint dorsifl exion but increased with knee joint extension). In the hip joint, moment values decreased in the extension phase and increased in the fl exion phase. The time series data and the magnitude of peak values were similar to those reported in previous studies (McCaw and Devita, 1995; Takeshita et al., 2000) .
A n k l e j o i n t i n v e r s i o n -e v e r s i o n ( A ) , h i p j o i n t i n t e r n a l -e x t e r n a l r o t a t i o n ( D ) , a n d abduction-adduction (E) moments also displayed some change albeit less than that observed in fl exion-extension moment of each joint with CoP antero-posterior shift (Figure 6A Figure 7 highlights the changes in lower limb joint moments when the CoP location was shifted in the medio-lateral directions (Δ CoP = ±Xmm), while Table-1(2) shows the peak rate of change (%) between the actual and measured peaks of each joint moment.
Effect of Medio -lateral Shift of CoP Location (Δ CoP = ±Xmm) on Joint Moment
No notable changes were observed in any of the lower limb joint fl exion-extension moments ( Figure 7B, C, F) , when the CoP location was shifted in the medio-lateral directions (Δ CoP = ± Xmm). Indeed, ankle joint inversion-eversion (A), hip joint internal-external rotation (D) and hip joint abduction-adduction (E) moments were more affected than the fl exion-extension moment. The peak moments of hip joint internal-external rotation (D/ ② ) and abduction-adduction (E) were -0.063Nm/kg (+30mm) to -0.174Nm/kg (-30mm) and -1.725Nm/kg (+30mm) to -1.049Nm/kg (-30mm), respectively, while the moment change rates ranged from -46.0% (+30mm) to + 49.5% (-30mm) and +24.2% (+30mm) to -24.6% (-30mm) ( Figure 7A , D( ② ), E; Table-1(2)/D( ① , ② ), E). Ankle joint inversion-eversion moment (A) reversed its direction in the medial and lateral directions of the shift of the CoP location ( Figure 7A ). It's peak joint moment was 0.075Nm/kg in ±0mm, while simulation yielded 0.363Nm/kg (+30mm) to -0.326Nm/kg (-30mm) (Table-1(2)/A). 
Discussion
The effect of torque on a rigid body depends on 1) magnitude and direction of the force, and 2) distance from the point of the forces application to the rotation axis (moment arm). Some biomechanical investigations have evaluated the effect of moment arm on joint moment analysis (Nissan, 1980; Spoor and Van Leeuwen, 1992; Nagano and Komura, 2003) . Few studies have examined the effect of CoP measurement error on inverse dynamics. McCaw and Devita (1995) and Takeshita et al., (2000) reported mean changes of 7% and 14% in joint moments (maximum change of 20%) with antero-posterior CoP errors of ±5mm and ±10mm. These series of studies raised researchers attention to CoP errors in GRF measurement.
Indeed, the current protocol represented a fi rst attempt quantifying the effect of altered moment arm length due to CoP measurement errors on 3D lower limb joint moment data.
As this study used data of only one subject for simulation, the validity of the data should be critiqued to demonstrate that the change of joint moment used as our reference value corresponded with that of standard gait.
The current study's peak ankle joint dorsif lexion-plantarfl exion moment was approximately -1.5Nm/kg (dorsifl exion) and computed favorably to the values reported in previous studies: it was 1.7Nm/kg (Winter, 2005) , -0.9Nm/kg (Besier et al., 2003) , 2.1Nm/kg (McCaw and Devita, 1995) , 1.8Nm/kg (Clinical gait analysis forum of Japan, 1997), and -1.8Nm/kg (Whittlesey and Hamill, 1996) . Peak knee joint fl exion-extension moment approximated 0.8Nm/kg (extension) and was similar to the previously reported (Winter, 2005; Besier et al., 2003; McCaw and Devita, 1995 ; Clinical gait analysis forum of Japan, 1997; Whittlesey and Hamill, 1996) . At the hip the fl exion-extension moment of -1.3Nm/kg (extension) was also consistent with mean values detailed in the literature (Winter, 2005; Besier et al., 2003; McCaw and Devita, 1995 ; Clinical gait analysis forum of Japan, 1997; Whittlesey and Hamill, 1996) .
Only two previous studies have reported on 3D joint moments in standard gait, and comparison of reported peak moment values with those of the current study illustrates reasonable consistency (Winter, 2005; Besier et al., 2003) . In ankle joint Heung-Youl, Kim., Sakurai, S. and Jae-Han, Ahn.
http://www.soc.nii.ac.jp/jspe3/index.htm 78 inversion-eversion moment, the peak moment value in this study was approximately 0.075Nm/kg (inversion) to -0.079Nm/kg (eversion) while in previous studies, it was -0.037Nm/kg to 0.12Nm/kg (Winter, 2005) and 0.04Nm/kg to -0.06Nm/kg (Besier et al., 2003) . Hip joint abduction-adduction moment was approximately -1.39Nm/kg (adduction) in the present study and 1.2Nm/kg and -0.55Nm/kg in previous studies. In hip joint internal-external rotation moment, ours was approximately 0.21Nm/kg (internal rotation) to -0.12Nm/kg (external rotation) and that of the previous studies was -0.18Nm/kg to 0.20Nm/kg (Winter) and 0.05Nm/kg to -0.08Nm/kg (Besier) . Despite some variation in test conditions and subjects used, visual inspection of the change patterns of all joint moments did not reveal any notable kinetic-related temporal difference between our study and previous studies. Consequently the current study's reference data was confi rmed as similar to general gait data and thus considered to represent a standard gait data set.
When CoP was shifted in the antero-posterior directions (Δ CoP = ±Ymm), marked changes were observed in the magnitude of fl exion-extension moment at every joint. The change of fl exion-extension m o m e n t o f e a c h j o i n t a c c o m p a n y i n g t h e C o P antero-posterior shift is likely greatly affected by a positional relationship between the GRF vector in the sagittal plane and position of each joint center.
The CoP shift of ±30mm in the antero-posterior direction affected a maximum change of 48% in lower limb joint fl exion values as compared to the values. Nonetheless, the line of action of the GRF vector did not shift suffi ciently so as to pass through the opposite side of each lower limb joint.
The changes realized in ankle joint inversion-eversion (A), hip joint internal-external rotation (D) and abduction-adduction (E) moments were less pronounced than the changes in lower limb joint extension-fl exion (B, C and F). As most of lower limb joint motion in gait is performed within the sagittal plane, it may be that the antero-posterior shift of CoP did not greatly affect the length of moment arm, which is associated with the fl exion-extension of thethree joint moments.
CoP shift in the medio-lateral direction (Δ CoP = ±Xmm) resulted is no notable change in the fl exion-extension moment data of each joint (Figure 7 / B , C , F ; Table- (Table-1 (2)/D, E), and even more particularly ankle joint inversion-eversion. That is, only ±10mm CoP shifting from the reference value (0mm) had a great effect on the moment's wave form plus and minus sign reversal on its change patterns (Figure 7 /A; Table-1(2)/A). Thus, the shape of foot and biomechanical characteristics of gait patterns closely relate to CoP location, and the direction of the GRF vector in the frontal plan. Nordin and Frankel (2001) described a relative moving track of CoP of GRF on the sole during bare foot gait that: 1) CoP is located initially in the central heel during the heel contact phase; 2) it swiftly moves across the midfoot to the forefoot; 3) then it situates under the second metatarsal, and 4) is fi nally located under the hallux during the toe-off phase. That is, in gait patterns of normal subjects, the CoP virtually travels along center of the foot during the majority of the ground contact phase. As a result, the effect of CoP variation in the medio-lateral directions is relatively greater on GRF moment arm. In the present study, it resulted in the reversed waveform in ankle joint inversion-eversion moment. (Figure 8) .
We now know that measurement errors in the calculation of CoP location from force plate, affect the computed joint moment data describing gait. It has also been clarifi ed that medio-lateral direction (Δ CoP = ±Xmm) errors might affect computation of 3D lower limb joint moment more than antero-posterior (Δ CoP = ±Ymm) errors even with the same magnitude of CoP error. Possible differences both in the magnitude of the moment and its change pattern imply that experiment at work and data processing should be conducted with an understanding of the effect of CoP errors on lower limb joint kinetics.
While minimizing CoP errors would enhance the currency of joint moment computation other aforementioned factors also effect the calculation of joint moments. Consequently, reducing only CoP errors is not the most desirable solution.
Investigating how different body segment inertial parameters (BSP) affect joint moment data, Yokoi et al., (1995 Yokoi et al., ( , 2002 reported that BSP-originated joint moment difference were small, unless subjects with notably different BSP for their physique (i.e. use of infant BSP for adult subjects) were used. The researchers however did not refer to the rate Heung-Youl, Kim., Sakurai, S. and Jae-Han, Ahn.
http://www.soc.nii.ac.jp/jspe3/index.htm 80 of moment change. Cappozzo et al., (1975) also reported that the effect of applied BSP differences on joint moment data could be ignored, yet, did not note specifi c values. A description of the effect of errors in identifying the center location of the knee joint on knee joint moments by Nissan (1980) sheared that a ± 10mm antero-posterior measurement errors changed peak joint moment data by 15%. Besier et al., (2003) in their study on repeatability of gait kinematic and kinetic data, found that the marker setting affected the accuracy in defi ning the joint centers and the anatomical coordinate system, and consequently the computed kinetic output. In contrast to previous studies, as the medio-lateral CoP error was identifi ed as the parameter which effect on computed lower limb joint moment was the greatest, the ankle inversion-eversion moment was thoroughly simulated by new data matrices of ±1mm, ±3mm, and ±5mm medio-lateral CoP errors.
Results illustrated that errors of ±1mm and ± 3mm had waveform similar to those of the actual data, while more than ±5mm variation demonstrated remarkable changes compared with measured values (Figure 9 ). These result might corroborate the assertion by Kubota and Yamazaki (1995) that CoP errors should be less than 3mm on average and less than 5mm of maximum. Video analysis errors of the present study read 3.2 to 4.2mm. Supposing that the readings are regarded as standard errors in motion analysis, it is clear that computed joint moment data is affected because change in segment length by video analysis errors cannot be ignored even when the CoP error is zero. Therefore, we should minimize CoP errors in GRF and examine errors caused by other factors such as video analysis.
Summary
In recent years, many investigations have used inverse dynamics procedures, which are often applied to evaluate performance characteristics in such fi elds as clinical gait, sports medicine and sports biomechanics. Their continued use is anticipated, yet measurement errors in CoP of GRF are known to greatly affect the computation of joint moment data. It was fi rst thought that CoP errors in the antero-posterior directions led to lower limb joint fl exion-extension moment errors, while erroneous medio-lateral position led to errors in ankle joint inversion-eversion moments, and hip joint adduction-abduction and external rotation-internal rotation moments. Previous studies examining the effect of each variant error on computation of joint moment acknowledged approximately 20% maximum change in joint moment values but no difference in waveform patterns. Conversely, the present study, investigating 3D CoP errors, observed reversed waveform in ankle joint inversion-eversion moment. The magnitude of the errors ranged from 16% (antero-posterior direction) to 108% (medio-lateral direction) with CoP errors of ±10mm, implicating errors in the medio-lateral direction as the most infl uential in the derivation of 3D lower limb joint moment data.It is highly possible that inaccurate interpretation and evaluation are made in gait, and sport performance, analysis due to erroneous of joint moment data. Experimentation using a force plate should minimize CoP errors in accordance with controlling environment. In considering the inherent to other measurement equipment, minimizing mean CoP errors to < ±5mm is realistic measure and should de pursued.
